We study the dynamics of dark energy in the presence of a 2-form field coupled to a canonical scalar field φ. We consider the coupling proportional to e −µφ/M pl H αβγ H αβγ and the scalar potential V (φ) ∝ e −λφ/M pl , where H αβγ is the 2-form field strength, µ, λ are constants, and M pl is the reduced Planck mass. We show the existence of an anisotropic matter-dominated scaling solution followed by a stable accelerated fixed point with a non-vanishing shear. Even if λ ≥ O(1), it is possible to realize the dark energy equation of state w DE close to −1 at low redshifts for µ λ. The existence of anisotropic hair and the oscillating behavior of w DE are key features for distinguishing our scenario from other dark energy models like quintessence.
I. INTRODUCTION
Since the first discovery of late-time cosmic acceleration from the distant supernovae type Ia (SN Ia) [1, 2] , the origin of this phenomenon has not been identified yet. The cosmological constant is a simplest candidate for dark energy, but if it originates from vacuum energy associated with particle physics, it is plagued by a huge energy gap between its observed value and the theoretically predicted value [3] . Instead, there are dynamical dark energy models dubbed quintessence in which a canonical scalar field φ slowly evolving along a potential V (φ) leads to a time-varying field equation of state [4] [5] [6] [7] [8] [9] [10] .
In quintessence, the condition for cosmic acceleration can be quantified by the dimensionless parameter λ = −M pl V ,φ /V , where M pl is the reduced Planck mass and V ,φ = dV /dφ. For constant λ, i.e., for the exponential potential V (φ) = V 0 e −λφ/M pl , the accelerated expansion occurs for |λ| < √ 2 [11] [12] [13] . Under this condition, the solutions finally approach an attractor characterized by the dark energy equation of state w DE = −1 + λ 2 /3. In the context of higher-dimensional theories like string/M theories, the exponential potential can arise from compactifications in hyperbolic manifolds or Sbrane solutions [14, 15] . After the dimensional reduction, the slope |λ| is typically larger than the order 1. In this case the accelerated attractor mentioned above is not present, while the temporal cosmic acceleration is possible for the internal manifold changing in time [16] [17] [18] [19] . The construction of a meta-stable de Sitter vacuum in string theory also suggested the swampland conjecture stating that |λ| has a lower bound of order 1 [20, 21] . It is worthy of pursuing possibilities for realizing the cosmic acceleration even for steep scalar potentials satisfying |λ| ≥ O(1).
In string theory, there are p-form fields arising from the Ramond-Ramond sector [22] . The 1-form field, which corresponds to a vector field A µ , can be generally coupled to a scalar (0-form) field φ [23] . The commonly studied coupling in the cosmological context has the form −f 1 (φ)F µν F µν /4, where f 1 (φ) is a function of φ and F µν = ∂ µ A ν − ∂ ν A µ is the field strength tensor [24] [25] [26] [27] [28] [29] [30] . During the inflationary period, it is known that the vector field can generate the non-vanishing anisotropic shear for a suitable choice of the coupling f 1 (φ) related to the scalar potential V (φ) [31] [32] [33] [34] . The anisotropic hair sustained during inflation can leave several interesting observational signatures for the 2-point and 3-point correlation functions of Cosmic Microwave Background (CMB) temperature anisotropies [35] [36] [37] [38] [39] [40] [41] .
The 2-form field B αβ coupled to the scalar field φ through the form −f 2 (φ)H αβγ H αβγ /12, where f 2 (φ) is a function of φ and H αβγ is the field strength of B αβ , can also give rise to anisotropic inflation for an appropriate choice of f 2 (φ) [42] [43] [44] [45] . The observational signatures in CMB imprinted by the 2-form is different from those by the 1-form, so they can be distinguished between each other from the scalar power spectrum and primordial non-Gaussianities [46] . If the anisotropic shear does not survive either during inflation or in the later cosmological epoch, the 2-form energy density decreases as ρ B ∝ a −2 , where a is the isotropic scale factor. This is in contrast to the 1-form field, whose energy density decreases as radiation (ρ A ∝ a −4 ) in the isotropic context. Hence the energy density of 2-form can be generally prominent at late times compared to that of 1-form.
For the 1-form field coupled to a dark energy field φ, Thorsrud et al. [47] studied the late-time cosmological dynamics in the presence of an additional coupling between φ and matter. They found interesting anisotropic scaling solutions relevant to the matter and dark en-ergy dominated epochs. The existence of non-vanishing anisotropic shear after the decoupling epoch leaves modifications to the observables in CMB and SN Ia measurements [48] [49] [50] [51] [52] [53] .
In this paper, we study the late-time cosmology in the presence of the interaction −f (φ)H αβγ H αβγ /12 between the 2-form and the scalar field φ. We consider the exponential potential V (φ) = V 0 e −λφ/M pl for the scalar sector and adopt the coupling of the form f (φ) = f 0 e −µφ/M pl . We show that, even for λ ≥ O(1), the late-time cosmic acceleration with the dark energy equation of state w DE close to −1 can be realized for the coupling constant µ in the range µ λ. Thus, this model is an explicit example where the accelerated expansion consistent with current observations [54, 55] is possible even with a steep exponential potential.
Moreover, we show that the radiation-dominated epoch with an initially negligible anisotropic shear is followed by the scaling matter era with a non-vanishing anisotropic hair. As long as the anisotropic dark energy dominated fixed point is present, it is a stable spiral for µ λ ≥ O(1). Thus, our model gives rise to several interesting observational signatures such as the surviving anisotropic shear after the radiation era and the oscillating dark energy equation of state in the range
This paper is organized as follows. In Sec. II, we derive the background equations of motion in the presence of a perfect fluid on the anisotropic cosmological background. In Sec. III, we obtain the fixed points associated with radiation, matter, and dark energy dominated epochs and discuss the stabilities of them. In Sec. IV, we study the cosmological dynamics in our model by paying particular attention to the evolution of w DE and the anisotropic shear. Finally, Sec. V is devoted to conclusions. Throughout the paper, we use the Lorentzian metric g µν with the sign convention (−, +, +, +), and greek indices as α, β, γ · · · , will denote space-time coordinates.
II. BACKGROUND EQUATIONS OF MOTION
In the 4-dimensional space-time, we consider a 2-form field B αβ with the field strength H αβγ = 3∂ [α B βγ] . We also take into account a canonical scalar field φ with the potential V (φ) and assume that φ is coupled to the 2-form through the interacting Lagrangian −f (φ)H αβγ H αβγ /12. We do not consider non-minimal couplings to gravity, so the gravity sector is described by the Einstein-Hilbert Lagrangian M 2 pl R/2, where R is the Ricci scalar. We also add a perfect fluid described by the purely k-essence Lagrangian P f (Z), where Z = −∂ µ χ∂ µ χ/2 is the kinetic term of a scalar field χ [56] [57] [58] . Then, the action of our theory is given by
where g is the determinant of metric tensor g µν and f (φ) is a function of φ. Let us derive the dynamical equations of motion for the action (2.1) on the anisotropic cosmological background. We consider the configuration in which the 2-form field is in the (y, z) plane, such that
where v B depends on the cosmic time t. In the (y, z) plane there is a rotational symmetry, so the line element can be taken as 
where Z =χ 2 /(2N 2 ) and a dot represents a derivative with respect to t.
Varying the action (2.4) with respect to N, α, σ, φ, χ and setting N = 1 at the end, we obtain 10) and ρ B and ρ f correspond to the energy densities of the 2-form and the perfect fluid, defined, respectively, by
Note that we used the notation in which a comma in the subscript represents a derivative with respect to a corresponding variable, e.g., f ,φ = df /dφ. Varying the action (2.4) with respect to v B , it follows that 
For the scalar potential V (φ) and the coupling f (φ), we adopt the exponential functions given by [33, 34, 43] :
where V 0 , λ, f 0 , µ are assumed to be positive constants. We are interested in the case in which the late-time cosmic acceleration can be realized for 
III. DYNAMICAL SYSTEM AND FIXED POINTS
We express the background equations of motion derived in Sec. II in an autonomous form and obtain the corresponding fixed points. For the perfect fluid given by the Lagrangian P f (Z), we take into account both non-relativistic matter (energy density ρ m and negligible pressure) and radiation (energy density ρ r and pressure P r = ρ r /3), so that ρ f = ρ m + ρ r and P f = ρ r /3.
A. Dynamical system
We introduce the following dimensionless quantities:
From Eq. (2.5), there is the constraint
By using Eqs. (2.6) and (2.8) with Eq. (3.2), we obtaiṅ
3), and (3.4), the dimensionless variables x 1 , x 2 , Σ, Ω B , and Ω r obey
where a prime represents a derivative with respect to the number of e-foldings α = ln a. The cosmological dynamics is known by solving Eqs. (3.5)-(3.9) with Eq. (3.2) for given initial values of
The effective equation of state, which is defined by
, characterizes the evolution of mean scale factor a(t). From Eq. (3.3), it follows that
The radiation-and matter-dominated epochs correspond to w eff 1/3 and w eff 0, respectively. The cosmic acceleration occurs for w eff < −1/3. We can express Eqs. (2.5) and (2.6) in the form:
where
Defining the density parameter and the equation of state arising from the dark sector, as 
B. Fixed points
The fixed points of the dynamical system can be derived by setting x 1 = 0, x 2 = 0, Σ = 0, Ω B = 0, Ω r = 0 in Eqs. (3.5)-(3.9) and solving the corresponding algebraic equations. In what follows, we show the fixed points relevant to the radiation era (Ω r 1, w eff 1/3), matter era (Ω m 1, w eff 0), and accelerated epoch (Ω DE 1, w eff < −1/3). There are two additional points (a4 ) and (b4 ) presented in Appendix A. For λ and µ in the range (2.15), however, they are irrelevant to the realistic cosmological sequence.
Radiation dominance
• (a1 ) Isotropic radiation point
with Ω DE = 0 and w DE undetermined.
• (a2 ) Isotropic radiation scaling solution
, Σ = 0 ,
with Ω DE = 4/λ 2 and w DE = 1/3. The energy density of dark energy scales in the same manner as that of radiation. The big-bang nucleosynthesis (BBN) constraint gives the bound Ω DE < 0.045 [59] , which translates to λ > 9.4 [60] .
• (a3 ) Anisotropic radiation point
,
with Ω DE = 4/(3µ 2 + 8) and w DE = 1/3. This is a scaling solution with the non-vanishing anisotropic shear (Σ = 0). The BBN constraint Ω DE < 0.045 gives the bound µ > 5.2.
Matter dominance
• (b1 ) Isotropic matter point 20) with Ω DE = 0 and w DE undetermined.
• (b2 ) Isotropic matter scaling solution
with Ω DE = 3/λ 2 and w DE = 0. From the Planck CMB data, the dark energy density parameter is constrained to be Ω DE < 0.02 around the redshift 50 [61] , which translates to λ > 12.
• (b3 ) Anisotropic matter point
with Ω DE = 2/(3µ 2 + 8) and w DE = 0. This corresponds to an anisotropic scaling solution realizing the matter dominance for µ 1. The CMB constraint Ω DE < 0.02 gives the bound µ > 5.5.
Dark energy dominance
• (c1 ) Isotropic dark energy dominated point
with Ω DE = 1 and w DE = w eff = −1 + λ 2 /3. The condition for the cosmic acceleration (w eff < −1/3) corresponds to λ 2 < 2.
• (c2 ) Anisotropic dark energy dominated point
(2λ 2 + 5λµ + 3µ 2 + 8) 2 ,
with Ω DE = 1 and
For positive values of λ and µ, w DE is larger than −1.
Since Ω B > 0, we require that 26) for the existence of point (c2 ). Under this condition, Σ is negative. The cosmic acceleration occurs under the condition
When λ = O(1), this condition is well satisfied for µ 1.
C. Stability of fixed points
The stability of fixed points (x 1 , x 2 , Σ, Ω B , Ω r ) derived in Sec. III B is known by considering homogeneous perturbations X = (δx 1 , δx 2 , δΣ, δΩ B , δΩ r ) around them. Perturbing Eqs. (3.5)-(3.9) up to linear order, the perturbations X obey the differential equations,
where M is a 5×5 Jacobian matrix. • (a1 ) 1, 2, 2, −1, −1.
(3.29)
The point (a1 ) is a saddle with three positive eigenvalues. Under the BBN bounds on λ and µ, both (a2 ) and (a3 ) are saddles with two positive eigenvalues. The point (b1 ) is a saddle with two positive eigenvalues. Under the CMB bound λ > 12, the point (b2 ) is a saddle with one positive eigenvalue, while the other four eigenvalues are negative or have negative real parts. The point (b3 ) is also a saddle with two real negative eigenvalues and two complex eigenvalues with negative real parts. Parameter space in which the conditions (3.26) and (3.27) are satisfied (colored region). If the anisotropic point (b3 ) is responsible for the matter era, there is also the bound µ > 5.5 arising from the CMB constraint Ω DE < 0.02 around the redshift 50 (dashed black line). The variable µ is unbounded from above.
The point (c1 ) is responsible for the cosmic acceleration for λ 2 < 2. Under this condition, the point (c1 ) is a saddle for
whereas it is stable for λ 2 + λµ − 2 < 0. The condition (3.38) is identical to (3.26) . This means that, as long as the anisotropic point (c2 ) is present, the isotropic point (c1 ) is a saddle. Under the condition (3.38), the last two eigenvalues of point (c2 ) in Eq. (3.36) are negative or complex with negative real parts. Moreover, under the condition (3.27) for the cosmic acceleration of point (c2 ), the other three eigenvalues in Eq. (3.36) are negative. Provided that the two inequalities (3.26) and (3.27) hold, the anisotropic dark energy dominated point (c2 ) is stable, while (c1 ) is a saddle.
In Fig. 1 , we show the parameter space in the (λ, µ) plane consistent with the conditions (3.26) and (3.27). We also plot the bound µ > 5.5 arising from the CMB constraint on point (b3 ). For the model parameters inside the colored region of Fig. 1 , the saddle anisotropic matter point (b3 ) can be followed by the accelerated attractor (c2 ) with the non-vanishing anisotropic shear.
IV. COSMOLOGICAL DYNAMICS
We study the cosmological dynamics for the coupling constants λ and µ inside the colored region of Fig. 1 . Prior to the radiation-dominated epoch, we assume the existence of an inflationary period (with subsequent reheating) driven by a scalar degree of freedom other than φ. As long as such an additional scalar degree of freedom does not have specific couplings to form fields, the anisotropic shear quickly decreases during inflation. Then, the natural initial condition for the anisotropic shear at the onset of radiation era is |Σ| very close to 0. In this case, the fixed points relevant to the early radiation era correspond to either (a1 ) or (a2 ). Indeed, we would like to show that, even if the initial condition of shear at the beginning of radiation era is close to the isotropic one (Σ 0), the solutions can approach fixed points with anisotropic hairs in the late Universe.
A. Sequence of fixed points
For λ > 9.4, the point (a2 ) can be responsible for the scaling radiation era consistent with the BBN bound. If the coupling f (φ) is absent, it is known that (a2 ) is followed by the isotropic matter scaling solution (b2 ) by reflecting the fact that the latter is stable for λ 2 > 3 [11] [12] [13] . This property does not hold for the theories with f (φ) = 0, since the point (b2 ) is a saddle. Instead, the point (c2 ) is stable for λ and µ inside the colored region of Fig. 1 . Our numerical calculations show that, for the initial conditions close to point (a2 ) during the radiation dominance with λ > 9.4, the solutions directly approach point (c2 ) without passing through the scaling matter point (b2 ). This means the absence of a proper matter era, so the viable cosmological trajectory does not arise from the isotropic radiation scaling solution (a2 ).
The initial conditions in the deep radiation era realizing the viable late-time cosmology are those close to the isotropic radiation point (a1 ). Then, the isotropic scaling solutions (a2 ) and (b2 ) are irrelevant to the cosmological dynamics in the following discussion. We recall that the anisotropic radiation point (a3 ) has one less positive eigenvalues of matrix M than those of (a1 ). This suggests that the solutions may temporally approach point (a3 ) during the late radiation era. This is indeed the case for numerical analysis presented later.
The point (b1 ) has three negative eigenvalues of matrix M, while point (b3 ) has two negative eigenvalues and two complex eigenvalues with negative real parts. Then, after the radiation dominance, the solutions should temporally approach the anisotropic matter point (b3 ) rather than the isotropic matter point (b1 ). As we mentioned in Sec. III B, the point (b3 ) is consistent with the CMB bound Ω DE < 0.02 around the redshift 50 for
whose condition is imposed in the following. Since point (b3 ) is a saddle, the solutions eventually exit from the matter era driven by (b3 ) to reach the stable anisotropic point (c2 ) with cosmic acceleration.
In Fig. 2 , we show the numerical solutions to |x 1 |, x 2 , −Σ, Ω B as well as Ω DE , Ω r , Ω m , w DE , w eff derived by numerically integrating Eqs. (3.5)-(3.9) for λ = 2 and µ = 30. The initial values of x 1 , x 2 , Ω B are very much smaller than 1, so the solutions start from the regime close to the isotropic radiation point (a1 ). The initial condition of Σ is chosen to be 0, but the cosmological dynamics hardly changes for |Σ| initially much smaller than 1. The existence of non-zero Ω B is crucial to generate the non-vanishing anisotropic shear at late times. As we will see below, the tiny initial value of Ω B like the order 10 −10 is sufficient for achieving this purpose. In Fig. 2 Fig. 2) .
In Fig. 2 , the radiation-dominated epoch (Ω r 1 and w eff 1/3) is followed by the matter-dominated era (Ω m 1 and w eff 0) around the redshift z ≡ 1/a − 1 3200. The variables |x 1 |, x 2 , −Σ, Ω B increase during the deep radiation era. After the transient period in which w DE increases from −1/3 to the value close to 1/3, the solutions enter the stage in which |x 1 |, −Σ, Ω B are nearly constant. The increase of w DE continues by the radiation-matter equality. This behavior of w DE can be interpreted as the temporal approach to the anisotropic radiation point (a3 ) characterized by w DE = 1/3. Indeed, the numerical values of |x 1 |, Σ, Ω B around z = 3200 are in fairly good agreement with their analytic values computed from Eq. (3.19) . In other words, the anisotropic shear of order Σ = −4/(3µ 2 + 8) is already generated around the end of radiation era.
We note that the moment at which the transition from (a1 ) to (a3 ) takes place depends on the initial values of x 1 , x 2 , Ω B . We numerically find that there are cases in which the transition occurs much earlier compared to Fig. 2 . In such cases, the solutions stay around the point (a3 ) characterized by w DE = 1/3 for a longer period during the radiation era.
The regime in which the variables |x 1 |, −Σ, Ω B stay nearly constant after the radiation-matter equality corresponds to the anisotropic scaling matter fixed point (b3 ). From Eq. (3.22), we have x 1 = −1.36 × 10 −2 , Σ = −7.39 × 10 −4 , and Ω B = 5.54 × 10 −4 on point (b3 ), which exhibit good agreement with their numerical values around z = 60. The dark energy density parameter on point (b3 ) is given by Ω DE = 7.39 × 10 −4 , which is consistent with the CMB bound Ω DE (z = 50) < 0.02. In the bottom panel of Fig. 2 , we can confirm that the solutions temporally reach the region around w DE = 0 during the matter era (which corresponds to the value of w DE on point (b3 )).
In the top panel of Fig. 2 , we observe that x 2 exceeds |x 1 | around z = 22. This signals the departure from the anisotropic matter fixed point (b3 ). Indeed, w DE starts to deviate from 0 for z 30. The anisotropic dark energy dominated point (c2 ) is stable for λ = 2 and µ = 30, while the isotropic point (c1 ) is not. As we see in Fig. 2 , the solutions finally approach the fixed point (c2 ) with the non-vanishing anisotropic shear after the matter-dominated epoch. From Eqs. (3.24) and (3.25), we have x 1 = 2.76 × 10 −2 , x 2 = 0.968, Σ = −4.11 × 10 −2 , Ω B = 6.03 × 10 −2 , and w DE = w eff = −0.955 on point (c2 ), which are in good agreement with their numerical values in the asymptotic future (z → −1). The potential energy V (φ), which is associated with the variable x 2 , is the main source for Ω DE at late times, but the 2-form energy density characterized by Ω B also provides the non-negligible contribution to Ω DE . Since x 1 < 0 and x 1 > 0 on points (b3 ) and (c2 ), respectively, x 1 changes its sign during the transition from the end of matter era to the dark energy dominated epoch (around z = 3.5 in Fig. 2 ). The quantity Σ, which is negative, survives during the cosmological sequence of (a3) → (b3) → (c2). Since the 2-form energy density ρ B is the source for the anisotropic shear, Ω B evolves in the similar way to −Σ. We note that the condition Σ 2 Ω B is always satisfied in the numerical integration of Fig. 2 , so we can ignore the terms Σ 2 in Eqs. (3.15) and (3.16). In the bottom panel of Fig. 2 , we find that w DE temporally reaches the minimum value −0.984 around z = 3 and then it finally approaches the asymptotic value −0.955 with oscillations. The quantity F in Eq. (3.37) is larger than 1 for λ = 2 and µ = 30, so two of the eigenvalues of matrix M in Eq. (3.36) are complex with negative real parts. In this case the point (c2 ) is a stable spiral, so the oscillation of w DE occurs before reaching the attractor. More generally, point (c2 ) is the stable spiral for F > 1. This condition translates to
When λ = 1, for example, this inequality gives µ > 1.68. For the couplings satisfying µ λ ≥ O(1), the dark energy equation of state (3.25) on point (c2 ) is approximately given by In the limit λ/µ → 0, we have w DE → −1 with Σ → 0. This is consistent with the no-hair theorem on the de Sitter background [62, 63] . The coupling f (φ) in the range 0 < λ/µ 1 allows the possibility for realizing the latetime cosmic acceleration with the surviving anisotropic hair. If the coupling f (φ) is absent, the accelerated expansion occurs only for λ < √ 2. The numerical solution in Fig. 2 shows that w DE close to −1 can be realized at low redshifts even for λ > √ 2. We also note that, for µ λ ≥ O(1), the condition (4.2) is always satisfied, so the solutions finally approach the stable spiral point (c2 ) with the oscillation of w DE . In Fig. 3 , we plot the evolution of w DE for four different values of µ by fixing λ to be 2. As the analytic estimation The time variation of σ after decoupling also leads to the modification to CMB temperature anisotropies [48, 49] . The spatial metric tensor g ij for the line element (2.3) is expressed in the form g ij = a 2 (t)γ ij , where γ ij is the anisotropic contribution containing σ(t). Defining σ ij ≡γ ij /2, the CMB temperature anisotropy due to the anisotropic shear is quantified as [51] δT
where t de and t 0 correspond to the cosmic time at decoupling (z 1090) and today (z = 0), respectively, andn is the line-of-sight unit vector. The scalar product σ ijn inj is at most of orderσ and hence
Provided that the right hand side of Eq. (4.6) is much smaller than 1, the anisotropic shear mostly affects the CMB quadrupole. According to the analysis of Ref. [51] , the conservative criterion for the consistency with the CMB quadrupole data should be around |σ(t 0 ) − σ(t de )| < 10 −4 . Since σ = Σ, the quantity |σ(t 0 ) − σ(t de )| is related to the asymptotic value Σ −2λ/(3µ) on point (c2 ) and the other value Σ = −2/(3µ 2 +8) on point (b3 ). In Fig. 4 , we plot the evolution of −σ and −Σ for λ = 1.5 and µ = 10 4 by choosing their initial conditions to be 0. As estimated analytically, −Σ temporally reaches the nearly constant value 6.7 × 10 −9 in the matter era and finally approaches the asymptotic value 1.0 × 10 −4 . In this case, the numerical values of −σ today and at decoupling are given, respectively, by −σ(t 0 ) = 2.8×10 −5 and −σ(t de ) = 1.2 × 10 −7 , so that |σ(t 0 ) − σ(t de )| = 2.8 × 10 −5 < 10 −4 . The above discussion shows that the models in which both µ/λ and µ are much larger than the order 1 can be consistent with the CMB quadrupole bound. For such model parameters, the deviation of w DE from −1 is small on the attractor point (c2 ), see Eq. (4.3) with Eq. (4.4). In Fig. 4 , we observe that w DE approaches the value around −1 at high redshifts. The evolution of w DE close to −1 at low redshifts is realized by the coupling between 2-form and scalar fields even for the scalar exponential potential with λ > √ 2. Moreover, our anisotropic dark energy model with |σ(t 0 ) − σ(t de )| = O(10 −5 ) can leave interesting signatures in the CMB quadrupole anisotropy, which may be used to alleviate the observed quadrupole anomaly problem [55] .
V. CONCLUSIONS
We proposed a novel anisotropic dark energy model in which a quintessence scalar φ is coupled to a 2-form field strength H αβγ with the interacting Lagrangian −f (φ)H αβγ H αβγ /12. For the exponential scalar potential V (φ) = V 0 e −λφ/M pl with the coupling f (φ) = f 0 e −µφ/M pl , we showed that the late-time cosmic acceleration with the dark energy equation of state w DE close to −1 can be realized even for λ ≥ O(1). This property comes from the fact that there exists the anisotropic accelerated attractor fixed point (c2 ) supported by the 2-form density parameter Ω B and the shear Σ.
Even for initial conditions close to the isotropic radiation point (a1 ), we showed that the solutions temporally reach the saddle anisotropic point (a3 ) by the end of the radiation era and then they are followed by the saddle anisotropic matter scaling solution (b3 ) with constant Σ and Ω B . From the CMB bound Ω DE (z = 50) < 0.02 on the scaling matter fixed point (b3 ), the coupling constant µ is constrained to be µ > 5.5. Provided that the two conditions (3.26) and (3.27) are satisfied, the fixed point (c2 ) corresponds to the accelerated attractor with non-vanishing anisotropic hair.
In summary, the typical cosmological evolution is given by the trajectory, (a1) → (a3) → (b3) → (c2) .
(5.1)
For the couplings in the range µ λ ≥ O(1), we numerically confirmed the above cosmological sequence, see e.g., Fig. 2 . The analytic derivation of point (c2 ) showed that, for the larger ratio µ/λ, the future asymptotic values of w DE tend to be smaller, which is the case for the numerical integration in Fig. 3 . Before reaching the attractor, w DE exhibits oscillations in the range w DE > −1. This property can be used to distinguish our model from quintessence and the ΛCDM model.
The existence of non-vanishing anisotropic shear after the radiation-dominated epoch leaves imprints on observables associated with CMB and SN Ia measurements. In particular, the time variation of spatial shear σ after decoupling to today affects the CMB quadrupole temperature anisotropy. When both µ/λ and µ are much larger than unity, we showed that the change of spatial shear from decoupling to today can be compatible with the CMB quadrupole data. In particular, if |σ(t 0 ) − σ(t de )| is of order 10 −5 , there may be an interesting possibility for addressing the problem of CMB quadrupole anomaly. We leave detailed observational constraints on the parameters µ and λ for a future work.
, x 2 = 3(6µ 2 + 3λµ + 16) 6λ ,
with Ω DE = (2λ 2 +7λµ+6µ 2 +16)/(4λ 2 ) and w DE = 1/3. In the limit µ → −λ/2, this point reduces to the isotropic radiation scaling solution (a2 ). Since w eff = 1/3 on point (a4 ), it can be used only for the radiation era. For λ and µ in the range (2.15), however, Ω r can not be close to 1.
• (b4 ) Anisotropic scaling solution with w eff = 0
, x 2 = 3(3µ 2 + λµ + 8) 4λ ,
, Ω B = 3(λ + 3µ) 16λ ,
with Ω DE = (2λ 2 + 9λµ + 9µ 2 + 24)/(8λ 2 ) and w DE = 0. In the limit µ → −λ/3, this recovers the isotropic matter scaling solution (b2 ). Since w eff = 0 on point (b4 ), it is relevant only to the matter era. For λ and µ in the range (2.15), however, Ω m is away from 1.
